
US006658201B1 

(12) United States Patent (16) Patent N6.= US 6,658,201 B1 
Rebalski (45) Date of Patent: Dec. 2, 2003 

(54) DATA STORAGE DEVICE HAVING Primary Examiner—Vincent Boccio 
MULTIPLE HEADS TRAVELING IN (74) Attorney, Agent, or Firm—Wagner, Murabito, & Hao 
OPPOSITE DIRECTIONS FOR CAPACITY LLP 
AND THROUGHPUT OPTIMIZATION 

(57) ABSTRACT 
(75) Inventor: Jan F. Rebalski, Foothill Ranch, CA 

(US) Methods and systems for improving the storage capacity and 
data throughput of a digital mass storage device. The novel 

(73) Asslgnee: Sony Electromcs’ Inc" Park Rldge’ NJ optimizations can be applied to a disk drive, either a hard 

(Us) disk drive or a disk drive having removable media, such as 

( * ) Notice: Subject to any disclaimer, the term of this magnetic and optical disk drive technologies. The present 
patent is extended or adjusted under 35 invention provides at least tWo disk drive heads for reading 
U-S~C~ 154(k)) by 0 days- and Writing information from tWo different spinning media 

surfaces, e.g., platters or disks. If the disk is a read-only 
(21) Appl' NO‘: 09/339’773 device, then the heads only perform the read function. A 
(22) Filedi JllIl- 24, 1999 constant angular velocity drive mechanism is used meaning 

(51) Int. c1.7 ................................................ .. H04N 5/91 the rotational Speed Ofthe media is Constant regardless Ofthe 

(52) US. Cl. ....................... .. 386/98; 386/125; 386/126; head’s Position With respect to the media- In Operation, 
369/4437; 369/124_09 during a media transfer, the ?rst head accesses data by 

(58) Field Of Search ............................... .. 386/125—126, Starting at the Outside regions (“high track rates”) Of the disk 
386/95, 96, 105, 122, 98; 369/12409, 4437; media and traversing inWard toWards the inner regions (“loW 

H04N 5/91 track rates”). The second head, moving the opposite direc 
tion but in synchronization With the ?rst head, starts access 

(56) References Clted ing data in the inner regions of its disk media and traverses 
U-S~ PATENT DOCUMENTS toWards the outer regions. A data ?le is portioned and its 

4,789,979 A * 12/1988 Hiraoka et a1_ ________ __ 369/2754 portions are accessed using both heads combined to provide 
5,043,963 A * 8/1991 IWamoto ................ .. 369/3091 a uniform and high data throughput. The sectors are spe 

g,126,851 A 6/1992 Yoshimulfa ct a1~ ------- ~~ 328/335 cially mapped and the data is interleaved to provide a 
134 499 A 7/1992 Sata eta. ......... .. 3 8/342 - ~ ~ ~ ’ ’ th h t. C t db h 

5,257,111 A * 10/1993 Kakuyama ...... .. 386/125 fi?ug. Pu apaclyflfhmgfeise df’cause mic.’ 
5,260,801 A * 11/1993 Temma et a1. 386/122 1 no a >0 _ e1nI_1erreg19nS °_ 6 _15 Y“? 1*‘ “31156 1“ 
5,420,690 A * 5/1995 Koishi ___________ __ 386/105 the present invention While still maintaining a high and 
5,506,825 A * 4/1996 Gushima et a1. .. 386/96 uniform data throughput. 
5,666,462 A * 9/1997 Park ......................... .. 386/125 

* cited by examiner 20 Claims, 15 Drawing Sheets 

SIREAMIN 
MUXIDEMUX 

<—> STREAMUUT <——> cmcu" 
570a 

BUFFER HEAD B - HEAD B 



U.S. Patent Dec. 2, 2003 Sheet 1 0f 15 US 6,658,201 B1 

10 A 14 
A 

16 

FIGURE 1 



U.S. Patent Dec. 2, 2003 Sheet 2 0f 15 US 6,658,201 B1 

220 

r 20% 

202a 
r2043 _*___ 

f’ \ 242 
240 244) 

230 -’ 

FIGURE 2A 



U.S. Patent Dec. 2, 2003 Sheet 3 0f 15 US 6,658,201 B1 

220 

k204i 2023 

240 244/ 

2 

2040 

\ \ \ 5% 252 254 

FIGURE 28 



U.S. Patent Dec. 2, 2003 Sheet 4 0f 15 US 6,658,201 B1 

220 

252 

2023 
r2043 

\ 240 244" 

—202h 

O \250 / k k 254 

230 

FIGURE 2C 



U.S. Patent Dec. 2, 2003 Sheet 5 0f 15 US 6,658,201 B1 

A 

___ r COMBINED OUTPUT 
\ 390 

HIGH —— 

HEAD 240 HEAD 250 

(DATA RATE ) 
320 330 

f 350 

LOW ~ 

[g HEAD zsojlposmrm g i 4350 > 
7 7.75 3.5 9.25 10 

[370 ‘L b 

1 10 9.25 815 7.' 
( HEAD 240 PUSITNJN ) 

FIGURE 2D 









U.S. Patent Dec.2 2003 Sheet 9 0f15 

“ 
JJJ/ J 

% 

FIGURE 48 



U.S. Patent Dec. 2, 2003 Sheet 10 0f 15 US 6,658,201 B1 

3AA?” 
O 8+ i7 171-” 

M 
FIGURE 5A 

x) 



U.S. Patent Dec. 2, 2003 Sheet 11 0f 15 US 6,658,201 B1 

A 314 312 

OJQXLY/H iyw 
\% 
FIGURE 55 



U.S. Patent Sheet 12 0f 15 

ENTER I 

Dec. 2, 2003 

RECEIVE A DIGITAL DATA STREAM 
IOPTIONALLY BUFFEREO I 

TO BE STORED ON DISK MEDIA 

BASED ON THE TRACK POSITIONS OF THE FIRST AND 
SECOND HEADS, DETERMINE THE DATA RATE OF THE 
FIRST HEAD AND THE DATA RATE OF THE SECOND 

HEAD 

I 
BASED ON THE DETERMINED DATA RATES, DETERMINE 

SIZES OF A FIRST DATA PORTION II BYTES I AND A 

US 6,658,201 B1 

SECOND DATA PORTION I J BYTES) 

I 
ALLDCATE I BYTES OF THE DIGITAL DATA STREAM TO 
THE FIRST HEAD AND J BYTES OF THE DIGITAL DATA 

STREAM TO THE SECOND HEAD 
IOPTIONALLY BUFFEREDI 

/ 460 450 

PROCESS NEXT 
PORTION OF 
DATA STREAM 

‘—Yes 
MORE 
STREAM 

? 

No 

@1 
FIGURE 6A 



U.S. Patent Dec. 2, 2003 Sheet 13 0f 15 

ENTER 

US 6,658,201 B1 

RECEIVE REQUEST TO OBTAIN DIGITAL DATA FROM 
DISK MEDIA 

1 
INSTRUCT THE FIRST HEAD TO OBTAIN I BYTES FROM 
A FIRST PREDETERMINED TRACK ASSIGNMENT AND 
INSTRUCT THE SECOND HEAD TO OBTAIN J BYTES 

FROM A SECOND PREDETERMINED TRACK 
ASSIGNMENT 

I 
COMBINE THE I AND J BYTES TO PRODUCE A DIGITAL 

DATA STREAM PORTION 

J 

I 
SUPPLY THE DIGITAL DATA STREAM PORTION AS 

OUTPUT I OPTIONALLY' BUFFERED I 

940 

f‘ 550 

SET NEXT 
STORED 
PORTION 

FIGURE 68 



U.S. Patent Dec. 2, 2003 Sheet 14 0f 15 US 6,658,201 B1 

N. MKDOE 

3/ 
55am .50 255m 5 SEEM 

5%. 

EN 1 J 

m 9:: Allllllv m 9a: 5:3 

5 

222225 A|||||_ \aa J 

22% 

/ Tl! 

mcnmj ncwm 0E2 .amhzou P5050 
25w Al|||_ e 3%] E. 

< 9m: rllllllv < em: 55% AIL m3 
3 \ _ 

v am? 
Y 

5:258 
\ m < 

=2 :2 E Q 



U.S. Patent Dec. 2, 2003 Sheet 15 0f 15 US 6,658,201 B1 

m MMDUE 2: 5 we 2: 

£559 

228 SE28 5% 

SEE $85. 255:2 3.25 5% :53 is: 25a 
55a =22? .6525. 

“1.1... .............. .1.-. .............. I..- .............. 2.1!.. n 02 

_ _ _ _ _ 

u :5: 

m “3%; 2E; was; 52 mamas: 

“ E5 :2 Sam 

_ 

m 2: N2 2: z: 

m 

/ Q P 



US 6,658,201 B1 
1 

DATA STORAGE DEVICE HAVING 
MULTIPLE HEADS TRAVELING IN 

OPPOSITE DIRECTIONS FOR CAPACITY 
AND THROUGHPUT OPTIMIZATION 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to the ?eld of mass storage 

technology. More speci?cally, the present invention relates 
to methods and systems for improving the storage capacity 
and throughput of a digital mass storage device, such as a 
disk drive. 

2. Related Art 
Digital information can be stored magnetically and opti 

cally on rotating storage media often called “disk media” or 
platters. The digital storage media can be removable, as in 
the case of a ?oppy disk or optical compact disk (CD) or the 
platters can be non-removable such as in a hard disk. The 
digital information maintained in this disk storage media is 
stored in annular shaped tracks that are positioned at differ 
ent radii from the center of the disk media. Several arc 
shaped sectors can reside Within each track. The digital 
information is read from the disk media by a head disk 
assembly (HDA) Which contains a head that is positioned 
over the tracks of the rotating disk media. Disk drives that 
are used to store and retrieve audio/video digital information 
are called AV drives. 

Data can be recorded using a constant linear velocity 
(CLV) technique in Which the data density recorded per 
linear inch of the disk media is constant but the media spins 
at different rates depending on the radius of the head. The 
second technique is the constant angular velocity (CAV) 
technique. In both techniques, the density (e.g., bits/inch) of 
the information stored Within the tracks is constant. In CLV 
technique, as the head of the disk drive moves across the 
tracks of the disk media, the rotation speed of the disk media 
is varied by the disk drive to maintain a constant linear 
velocity of the head With respect to the recorded informa 
tion. As the head moves toWard the center, the rotation speed 
is increased because the circumferences of the inner tracks 
are smaller than the circumferences of the outer tracks. By 
increasing the rotation speed, the linear velocity, and there 
fore the data rate, is held constant in the CLV technique. 
Conversely, in the CAV technique, the rotation speed of the 
disk media is held constant regardless of the track position 
of the head. Therefore, in the CAV technique, the data rate 
of digital information accessed by the head decreases as the 
read head travels from the outer tracks of the disk media to 
the inner tracks. 

The CLV reading technique is not particularly advanta 
geous because each time the head is moved from one 
position to another, e.g., in response to a “seek” command, 
the rotation speed of the disk media needs to be adjusted for 
the neW position. During a “seek” command, the head of the 
disk drive is instructed to move from its current position to 
a neW position in order to access digital information from the 
disk media. In the CLV technique, the rotation speed of the 
disk media must be adjusted based on the neW track position 
of the head. While the head can be rapidly positioned from 
its current position to the neW position, it takes longer for the 
spindle motor of the disk drive to reach the target rotation 
speed for the neW head position. Therefore, reading/Writing 
random accessed information from and to a disk media using 
the CLV technique requires many adjustments to the rotation 
speed of the disk media and this may severely reduce data 
throughput. 
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As result, the CLV technique is disadvantageous for 

recorded computer information because this information 
may require many seek commands during retrieval; for each 
seek, the access time is increased due to the additional time 
required for the spindle motor to reach its target rotation 
speed. Moreover, because the rotation speed of the disk 
media varies based on the head position, the disk drive using 
the CLV technique requires an advanced speed controllable 
spindle motor With costly associated control circuitry. 
Lastly, because the hard drive using the CLV technique is 
constantly accelerating its spindle motor, torque is required 
using the CLV technique, Which increases the overall poWer 
consumption of the disk drive. This makes the CLV tech 
nique disadvantageous for battery operated (e.g., portable 
laptop) computer systems that have limited poWer stores and 
are extremely heat sensitive. 

HoWever, current CAV techniques also have disadvan 
tages. Because the CAV disk drives operate at a constant 
angular velocity, the data throughput rate changes depending 
on the region of the disk media at Which the head is 
positioned. The data throughput rate at the inner tracks of the 
disk media is signi?cantly loWer than the data throughput 
rate achievable at the outer tracks of the platter. The data 
throughput rate difference is typically large, With the inner 
tracks’ data rate frequency representing only half of the 
outer tracks’ data rate. As a result, CAV disk drives often 
operate at a reduced capacity in order to meet certain data 
throughput rate requirements of some audio/video applica 
tions that require high sustained data throughput for normal 
operation. 

For instance, if a particular application demands a high 
data throughput that cannot be met or maintained using the 
inner track regions of the disk media, then the disk drive 
maker Will not alloW data storage on the inner track regions. 
Although the data throughput rate is increased, this limita 
tion Will inherently reduce the storage capacity of the disk 
drive because a large potion of the available disk media Will 
not be used by the disk drive. In effect, hardWare manufac 
turers normally forgo the use of the inner surfaces of the 
media, thereby reducing the potential capacity of the drives, 
in an effort to guarantee acceptably high data throughput of 
their drivers. 

SUMMARY OF THE INVENTION 

Accordingly, What is needed is a disk drive having a high 
and maintained data throughput rate that also makes use of 
the potential storage capacity of the disk media in that the 
inner track regions as Well as the outer track regions are used 
to store data thereon. That is needed further is a disk drive 
having improved storage capacity and high uniform data 
throughput rate that also uses constant angular velocity 
(CAV) techniques. What is also needed is a disk drive having 
the above characteristics that is used for the storage and 
retrieval of audio/visual digital information. What is yet 
needed is a disk drive having the above characteristics that 
can be implemented Within a computer system. As described 
herein, the present invention offers these advantages and 
others not recited above but made clear Within discussions of 
the present invention to folloW. 
Methods and systems are described herein for improving 

the storage capacity and data throughput of a digital mass 
storage device, such as a disk drive. The novel optimiZations 
can be applied to a disk drive, either a hard disk drive or a 
disk drive having removable media, such as magnetic and 
optical disk drive technologies. The present invention pro 
vides at least tWo disk drive heads for reading and Writing 
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information from tWo different spinning disk media 
surfaces, e.g., platters or disks. If the disk drive is a 
read-only device, then the heads only perform the read 
function. The drive mechanism is a constant angular velocity 
drive meaning the rotational speed of the disk media is 
constant regardless of the head’s position With respect to the 
disk media. In operation, during a media transfer, the ?rst 
head accesses data by starting at the outside regions (“high 
track rates”) of the circular (“disk”) media and traversing 
inWard toWards the inner regions (“loW track rates”). The 
second head, traversing in the opposite direction, but in 
synchronization With the ?rst head, starts accessing data at 
the inner regions of its disk media and traverses toWards the 
outer regions. 

Although the data throughput rate of each head varies as 
the head moves across the tracks, the combined data 
throughput rate of the tWo heads remains substantially 
constant in accordance With the present invention. Adata ?le 
is portioned and its portions are accessed using both heads 
combined to provide a uniform and high data throughput 
rate. The sectors are specially mapped and the data is 
interleaved to provide a maximum throughput rate. Storage 
capacity is increased because much, if not all, of the inner 
regions of the disk media are used in the present invention 
While still maintaining a high and uniform data throughput 
rate. 

More speci?cally, an embodiment of the present invention 
includes a digital storage device comprising: a ?rst head for 
Writing digital data on tracks of a ?rst disk media, the ?rst 
head moving across the tracks of the ?rst disk media in a ?rst 
direction; a second head for Writing digital data on tracks of 
a second disk media, the second head moving across the 
tracks of the second disk media in a second direction 
opposite to the ?rst direction; and a multiplexer circuit for 
receiving a digital data stream and for supplying ?rst por 
tions of the digital data stream to the ?rst head and second 
portions of the digital data stream to the second head, 
Wherein respective siZe ratios of respective ?rst and second 
portions are based on corresponding track position ratios of 
the ?rst and second heads. Embodiments include the above 
and Wherein the ?rst head and the second head Write digital 
data With a substantially constant combined data throughput 
rate as a result of the respective siZe ratios and Wherein the 
?rst direction the ?rst head is from outer tracks to inner 
tracks of the ?rst disk media and Wherein the second 
direction of the second head is from inner tracks to outer 
tracks of the second disk media. Embodiments include the 
above and further comprising a mechanism for spinning the 
?rst and second disk media at a constant angular velocity. 

Embodiments of the present invention also include a 
digital storage device comprising: a ?rst set of heads 
coupled to a ?rst actuator and for reading digital data off of 
tracks of a ?rst disk media, Wherein the ?rst set of heads 
moves in a direction from outer tracks to inner tracks of the 
?rst disk media; a second set of heads coupled to a second 
actuator and for reading digital data off of tracks of a second 
disk media, Wherein the second set of heads moves from 
inner tracks to outer tracks of the second disk media in 
opposite direction to the ?rst set of heads; and a demulti 
plexer circuit for receiving the digital data from the ?rst set 
of heads and from the second set of heads and for supplying 
a single digital data stream therefrom Wherein digital data is 
supplied from the ?rst and second set of heads at a combined 
throughput rate that is substantially constant. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a number of tracks having different radii 
from the center of a disk media in accordance With the 
present invention. 
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FIG. 2A is a diagram of on e embodiment of the present 

invention having dual disk heads With opposite position With 
respect to tWo disk platters and each head moving in 
opposite direction but synchroniZed in motion. 

FIG. 2B is a diagram of the embodiment of the present 
invention of FIG. 2A With the dual disk heads in reverse 
position With respect to their positions in FIG. 2A. 

FIG. 2C is a diagram of the embodiment of the present 
invention of FIG. 2A With the dual disk heads in middle 
position. 

FIG. 2D is a graph illustrating exemplary data through 
puts for the ?rst head, the second head and their combination 
for an exemplary con?guration in accordance With the 
present invention. 

FIG. 3A is a side vieW of the embodiment of the present 
invention as shoWn in FIG. 2A. 

FIG. 3B is an embodiment of the present invention having 
dual sets of disk heads With each head set moving in 
opposite direction but synchroniZed in motion. 

FIG. 4A and FIG. 4B illustrate one track numbering 
scheme used in an embodiment of the present invention for 
the tracks on a ?rst and a second disk media. 

FIG. 5A and FIG. 5B illustrate a track interleaved num 
bering scheme used in an embodiment of the present inven 
tion for the tracks on a ?rst and a second disk media. 

FIG. 6A illustrates steps used in one embodiment of the 
present invention for Writing a digital data stream to the dual 
head disk mechanism of the present invention. 

FIG. 6B illustrates steps used in one embodiment of the 
present invention for reading a digital data stream from the 
dual head disk mechanism of the present invention. 

FIG. 7 illustrates a block diagram of components of the 
dual head drive mechanism of the present invention for a 
disk drive device. 

FIG. 8 is a block diagram of a computer system employ 
ing the dual head mechanism of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

In the folloWing detailed description of the present 
invention, a dual head disk accessing method and device for 
uniform high data throughput and increased storage 
capacity, numerous speci?c details are set forth in order to 
provide a thorough understanding of the present invention. 
HoWever, it Will be recogniZed by one skilled in the art that 
the present invention may be practiced Without these speci?c 
details or With equivalents thereof. In other instances, Well 
knoWn methods, procedures, components, and circuits have 
not been described in detail as not to unnecessarily obscure 
aspects of the present invention. 

Dual Head Storage Device of the Present Invention 

FIG. 1 illustrates a top vieW of a disk media 10 used in 
accordance With the present invention. The disk media 10, 
either magnetic or optical, is annular in shape and contains 
circular tracks, e.g., 16 and 14. The magnetic disk can be 
non-removable (e.g., a platter of a hard disk) or it can be 
removable (e.g., a ?oppy or cartridge). The disk media 10 is 
spun at a constant angular velocity and the bit density (e.g., 
bits per linear inch) stored on the surface of the disk media 
10 is generally constant. In the disk mechanism, a read/Write 
head 20 is positioned over the tracks for data access (read/ 
Write) operations. The head 20 is moved by an arm 22 Which 
is coupled to an actuator 24. Given the above environment, 
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data is accessed at higher rates at the outer tracks 14 When 
compared to the data access rate of the inner tracks 16. This 
is because the circumference of the outer tracks 14 is larger 
than the circumference of the inner tracks 16. Each disk 
rotation takes the same amount of time in a constant angular 
velocity drive, therefore, per unit time, more data can be 
accessed from the outer tracks 14 than from the inner tracks 
16. More data can be accessed because, during data access 
operations, the head 20 passes over more media surface per 
unit time for the outer tracks 14 than for the inner tracks 16. 

FIG. 2A illustrates one con?guration 210 of the present 
invention dual head access mechanism. This embodiment 
utiliZes tWo read/Write heads 240 and 250 Which interface 
With tWo respective disk media surfaces 220 and 230. 
Therefore, each read/Write head (“head”) 240 and 250 
accesses different magnetic platter surfaces in the drive. The 
?rst head 240 accesses data in a conventional manner by 
starting at the outside track regions 202a of its platter surface 
220 and traversing across the tracks toWard the inner track 
regions 204a. Arm 242 and actuator 244 are used to position 
the ?rst head 240. Head movement for the ?rst head 240, 
during data access operations, is therefore from the outer 
tracks toWard the inner tracks. Because the platters 220 and 
230 rotate at a constant angular velocity, the outside track 
regions 202a are called high data rate tracks While the inside 
track regions 204a are called loW data rate tracks, as 
described With respect to FIG. 1. 

The second head 250 of FIG. 2A accesses data in the 
reverse direction, going in the opposite direction as the ?rst 
head 240, by starting out at the inner track regions 204b of 
the platter surface 230 and traversing toWard the external or 
high rate track regions 202b. Head movement for the second 
head 250, during data access operations, is therefore from 
the inner tracks toWard the outer tracks. Again, because the 
platters 220 and 230 rotate at a constant angular velocity, the 
outside track regions 202b are called high data rate tracks 
While the inside track regions 204b are called loW data rate 
tracks, as described With respect to FIG. 1. Arm 252 and 
actuator 254 are used to position the second head 250. The 
mapping of logical sectors on the media 220 and 230 is done 
such that it alloWs for the access operation to the media to 
be done simultaneously by the tWo heads 240 and 250, While 
the throughput data rate are combined by suitably interleav 
ing the data on the tWo media surfaces. 
As shoWn in FIG. 2A, the ?rst head 240 and the second 

head 250 are shoWn in their initial positions. In these 
positions, the ?rst head 240 is accessing data at a high data 
rate While the second head 250 is accessing data at a loW data 
rate. It is appreciated that the ?rst and second heads move in 
opposite directions With respect to each other and With 
respect to the their associated tracks, but the ?rst and second 
heads move in synchroniZation With each other. Therefore, 
as one head moves, the other head moves in synchroniZation 
but in the reverse direction across its associated tracks. In the 
present invention, the data accessed from the ?rst and 
second heads are combined together to provide a substan 
tially constant and high data throughput, regardless of the 
heads’ positions. 
As the ?rst head 240 traverses to relatively loWer data rate 

tracks, the second head 250 simultaneously traverses to 
relatively higher data tracks, With the combination data rate 
of the tWo data rates remaining substantially constant and 
high. In this fashion, most, if not all, of the inner track 
regions 204a—204b can effectively be used for storing data 
thereon and the disk drive still maintains a high data 
throughput rate to support high data throughput rate 
applications, such as audio/video applications. Therefore, 
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the miXing of high and loW data throughput rates internal to 
the drive of the present invention results in a stable average 
throughput rate that is high enough to satisfy audio/video 
(AV) application requirements, While alloWing for the maXi 
mum utiliZation of available magnetic media for data storage 
because the inner track regions 204a—204b are used to store 
data thereon in accordance With the present invention. 

It is appreciated that While FIG. 2A illustrates the ?rst and 
second heads accessing different platters, the present inven 
tion is Well suited for implementations Where the ?rst and 
second head access different surfaces of the same disk 
platter. In this case, the ?rst and second disk media represent 
a ?rst and a second side of the same platter. 

FIG. 2B illustrates the con?guration 210 of the present 
invention With the ?rst head 240 and the second head 250 in 
the reverse positions to those shoWn in FIG. 2A. As shoWn 
in FIG. 2B, the ?rst head 240 and the second head 250 are 
shoWn in their ?nal positions. In these positions, the ?rst 
head 240 is accessing data at a loW data rate at the inner track 
regions 204a While the second head 250 is accessing data at 
a high data rate at the outer track regions 202b. In the present 
invention, the data accessed from the ?rst and second heads 
are combined together to provide a substantially constant 
and high data throughput, regardless of the heads’ positions. 
As the ?rst head 240 traverses to relatively loWer data rate 
tracks, the second head 250 simultaneously traverses to 
relatively higher data tracks, With the combination data rate 
of the tWo data rates remaining substantially constant and 
high. 

FIG. 2C illustrates the con?guration 210 of the present 
invention With the ?rst head 240 and the second head 250 in 
middle positions to those shoWn in FIG. 2A. As shoWn in 
FIG. 2C, the ?rst head 240 and the second head 250 are 
shoWn in roughly middle positions. In these positions, the 
?rst head 240 is accessing data at a high to medium data rate 
at its track regions While the second head 250 is accessing 
data at a loW to medium data rate at its track regions. In the 
present invention, the data accessed from the ?rst and 
second heads are combined together to provide a substan 
tially constant and high data throughput, regardless of the 
heads’ positions. As the ?rst head 240 traverses to relatively 
loWer data rate tracks, the second head 250 simultaneously 
traverses to relatively higher data tracks, With the combina 
tion data rate of the tWo data rates remaining substantially 
constant and high. 

Table I beloW illustrates the data throughput rates for each 
head and the output combination data throughput in accor 
dance With the present invention for the eXample con?gu 
ration of FIG. 2A, FIG. 2B and FIG. 2C. 

TABLE I 

First Head 240 
Data Throughput 

Second Head 250 
Data Throughput 

Combined 
Data Throughput 

FIG. 2D is a graph illustrating eXemplary data through 
puts for the ?rst head 240, the second head 250 and the 
combination for an exemplary con?guration in accordance 
With the dual head design of the present invention. Exem 
plary data rate values are shoWn along the vertical aXis 350. 
Head position for the ?rst head 240 is shoWn along hori 
Zontal 370 While head position for the second head 250 is 
shoWn along the horiZontal 360. As shoWn, the ?rst head 
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moves in opposite direction With respect to the second head 
but in synchronization With the second head. Exemplary 
positions of 7.0 to 10 are shoWn as example track radii only. 
The data throughput rate corresponding to the ?rst head 240 
is the graph shoWn as curve 320 Which is exponential and 
varies as the square of the head’s radius (e.g., track position 
or track radius). The data throughput rate corresponding to 
the second head 250 is the graph shoWn as curve 330 Which 
is exponential and varies as the square of the head radius 
(e.g., track position). 
As shoWn in FIG. 2D, curve 320 starts high (at the left) 

and as the ?rst head 240 traverses toWard the inner track 
regions, curve 320 drops in data throughput rate. 
Correspondingly, curve 330 starts loW (at the left) and as the 
second head 250 traverses toWard the outer track regions, 
curve 330 gains in data throughput rate. The curves 320 and 
330 are not linear, but they are very close to linear and 
therefore their sum is roughly a sustained and high data 
throughput, as shoWn by curve 390. Curve 390 represents 
the total data throughput rate of the dual head disk embodi 
ment of the present invention. In average, curve 390 repre 
sents a substantially constant and high data throughput rate 
suitable for supporting a number of Well knoWn high data 
throughput applications, such as audio/video (AV) applica 
tions. 

FIG. 3A is a side vieW of the dual head embodiment of the 
present invention f or a magnetic hard drive implementation. 
A spindle motor 264 is mechanically coupled to an axis 260 
Which secures recording platters 220 and 230. In this 
embodiments, platters 220 and 230 are de?ned as ?rst and 
second disk media. Spindle motor 254 rotates platters 220 
and 230 at a constant angular velocity. Head 240 is shoWn 
coupled to arm 242 Which is coupled to actuator 244. Head 
250 is shoWn coupled to arm 252 Which is coupled to 
actuator 254. Head 240 interfaces With the top surface of 
platter 220 While head 250 interfaces With the top surface of 
platter 230. Actuator 254 is separate from actuator 244. Any 
of a number of Well knoWn systems can be used as arms and 
actuators, and control logic for same, for moving heads 240 
and 250. In one embodiment, actuator 244 is coupled to a 
Well knoWn magnetic voice coil system for controlled move 
ment. It is appreciated that in an alternative embodiment of 
the present invention, head 250 can interface With the 
bottom surface of platter 220. In this alternative 
embodiment, the top and bottom surfaces of the same platter 
are de?ned as ?rst and second disk media, as described 
above. 

FIG. 3B illustrates a dual head set embodiment 310 of the 
present invention. In this embodiment, sets of heads are 
controlled uniformly to increase data throughput. In the 
implementation shoWn in FIG. 3B, each head set contains 
tWo heads, hoWever, this is an exemplary con?guration only 
and a head set can include any number of heads (e.g., more 
than tWo) Within the scope of the present invention. In this 
embodiment 310, a ?rst head set contains heads 240a and 
240b. These heads 240a—240b are coupled, respectively, to 
arms 242a and 242b Which are both coupled to a common 
actuator 244‘. In this embodiment 310, a second head set 
contains heads 250a and 250b. These heads 250a—250b are 
coupled, respectively, to arms 252a and 252b Which are both 
coupled to a common actuator 254‘. Common actuators 244‘ 
and 254‘ can be controlled using a number of Well knoWn 
techniques. 

Heads 240a and 250a move, respectively, in the same 
manner as described With respect to heads 240 and 250. All 
other heads in the ?rst head set track the movement of head 
240a. All other heads in the second head set track the 
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8 
movement of head 250a. In the con?guration of FIG. 3B, the 
heads of the ?rst head set interface With the top surface of 
platters 220 and 230 and the heads of the second head set 
interface With the bottom surface of platters 220 and 230. In 
an alternative con?guration, the heads of the ?rst and second 
set could be interleaved With respect to the surfaces of the 
platters. For instance, in this alternative embodiment, heads 
240a and 240b Would interface With the top and bottom 
surfaces, respectively, of platter 220 While heads 250a and 
250b Would interface With the top and bottom surfaces, 
respectively, of platter 230. 

FIG. 4A and FIG. 4B illustrate exemplary track assign 
ments for the dual head embodiment 210 and the dual head 
set embodiment 310 of the present invention. In these 
exemplary track assignments, the top surface of platter 220 
is accessed by the ?rst head and therefore its tracks are 
numbered from 1 to N starting from the outer track regions 
202a and ending in the inner track regions 204a as shoWn in 
FIG. 4A. The tracks are numbered consecutively in these 
examples. Multiple sectors can reside Within a track. The 
sectors are numbered in the order of and according to their 
track number With outer track sectors numbered loWer and 
inner track sectors numbered higher. In one implementation, 
a sector contains a prede?ned number of bytes each, e.g., 
512 bytes, for instance. 
With respect to FIG. 4B, the top surface of platter 230 is 

accessed by the second head and therefore its tracks are 
numbered from N to 1 starting from the outer track regions 
202a (“N”) and ending in the inner track regions 204a (“1”) 
as shoWn in FIG. 4B. Multiple sectors can reside Within a 
track. The sectors are numbered in the order of and accord 
ing to their track number With outer track sectors numbered 
higher and inner track sectors numbered loWer. In one 
implementation, a sector contains a prede?ned number of 
bytes each, e.g., 512 bytes, for instance. In operation, data is 
interleaved on the tracks betWeen the disk medias 220 and 
230. 

FIG. 5A and FIG. 5B illustrate that Within the present 
invention, track assignments for the disk media can be 
ordered differently based on the data rates of the track 
positions and interleaved across the ?rst and second disk 
media. Therefore, FIG. 5A and FIG. 5B illustrate track 
number interleaving. As shoWn, in this example, tracks 1 
through track x are located at the inner region 316 of the 
second disk media 230. When the second head 250 is Within 
this region 316, the ?rst head 240 is Within the outer region 
302 of the ?rst disk media 220 and therefore these tracks are 
numbered (x+1) to y. Moreover, tracks (y+1) through track 
Z are located at the middle region 314 of the second disk 
media 230. When the second head 250 is Within this region 
314, the ?rst head 240 is Within the middle track region 304 
of the ?rst disk media 220 and therefore these tracks are 
numbered track (2+1) to track a. Lastly, tracks (a+1) through 
track b are located at the outer region 312 of the second disk 
media 230. When the second head 250 is Within this region 
312, the ?rst head 240 is Within the inner track region 306 
of the ?rst disk media 220 and therefore these tracks are 
numbered track (b+1) to track c. 

It is appreciated that the three track groupings shoWn per 
disk media are exemplary only and that more or feWer track 
groupings can be used per disk media. Also, the actual 
number of tracks per grouping can vary depending on the 
average radius of the tracks of the grouping. 

It is also appreciated that the Within the embodiments of 
the present invention, Whether or not the track numbers are 
ordered consecutively or interleaved, as described above, 










